ABSTRACT
INTRODUCTION
We became able to analyze the academic landscape by the "Citation Maps" based on the bibliometrics or clustering etc. The citation map is the network map that shows citation relationship of the journal papers. And the nodes in the citation map are divided into groups by clustering method. We became able to grasp than before the recent research trends by citation map. But the reality is that experts manually analyze to identify the type of each cluster (group) that divided by clustering. Therefore, dynamically interpretation of each cluster is the final purpose of our study, and this study will achieve an automated extraction of key literature of each cluster. Concrete, we propose a method for dynamically specifying the key papers in each area identified by clustering. We will investigate variance values of the publication year of the cited literature and calculate each cited paper's importance by applying the variance values to the PageRank algorithm. Furthermore, we will attempt to create a visualized graph with the time axis based on the importance. This paper is composed of the following sections: Section 2 provides an overview of prior research on element techniques for achieving academic landscape, such as network analysis, clustering, and bibliometrics; Section 3 describes the purpose of this study and the proposed method; Section 4 describes the results of the evaluation tests of our proposed method; and Section 5 offers a conclusion.
RELATED STUDIES

Figure 1. Example of academic landscape
While the study of network analysis is an area with a long history, dating back to graph theory proposed by L. Euler in the 18 th century [1] , this area is said to have achieved great advancement only in the last ten years. Network analysis involves various techniques including calculation of stele, contention analysis by structural equivalence [2] , centrality [3] [4] , smallworld property [5] [6] , degree distribution, and clustering [7] [8] [9] . Among these, the technique that is currently closely related to academic landscape is clustering. Clustering is described in the following section.
Clustering
The characteristics of clustering are based on graph theory. By giving the data contained in each cluster common features, it is possible to simplify the overall structure of complex data and understand the data more thoroughly (Fig1). In the initial clustering algorithm, the commonly used technique focuses on the "central" link and links are cut one by one starting from the central one. On the other hand, Girvan and Newman focused on the links that mediate the clusters nearest to other clusters using modularity as the evaluation function and proposed an algorithm to cut links in descending order of their mediating power.
Bibliometrics
Bibliometrics is a technique developed by Garfield [10] [11] [12] . He proposed the Science Citation Index in the 1950s as a tool for use by scientists to retrieve early science research. The Science Citation Index was developed into bibliometrics. Bibliometrics makes academic papers and patents the object of analysis and enables analysis on issues such as "what is a hot topic," "which paper is cited more frequently," "what field is related to what filed," and "who is an important researcher" in a certain research area by analyzing the papers using quantitative analysis techniques. Bibliometrics involves three analysis techniques as described below (Fig2). The first analysis techniques is direct citation; in Fig2, Papers A and B are cited in Paper C, and Paper C is cited in Papers D and E. In this case, direct citation deems that there are links between Papers A/B and Paper C and further links between Paper C and Papers D/E. As a result, there are five nodes and four links in the network. When direct citation is used, a certain paper is deemed to have links with all papers that cite the pertinent paper. The second technique is cocitation, which was proposed by Small [13] . In Fig2, both Paper A and Paper B are cited in Paper C. In this case, co-citation deems that there is a link between Paper A and Paper B; thus, there are two nodes and one link in the network. For pairs of papers in which co-citation was used, i.e., all papers contained in the list of cited literature of a certain paper, there is a link between the paired papers. The third technique is bibliographic coupling-a technique proposed by Kessler [14] . In Fig2, both Paper D and Paper E cite Paper C. In this case, this technique deems that there is a link between Paper D and Paper E; thus, there are two nodes and one link in the network. When bibliographic coupling is used for pairs of papers that cite a certain paper, it is deemed that there is a link between the paired papers. To solve the problem described in the previous section, this chapter considers a method for automated extraction of key papers in each cluster. Even if the same number of papers is cited, cases such as "a large number of papers are cited within a short time" and "a small number of papers are cited over a long time" can be considered, so it is difficult to calculate the exact importance of each paper using only conventional citation analysis. In this study, therefore, we consider the cases mentioned above as directed graphs that denote papers as nodes and citations and as edges, and after assigning the publication year to each node, we attempt to calculate the importance of each paper by investigating variance values in the publication years of the original nodes of the edges that enter a certain node. The variance values will be calculated by follows formula (3). We then attempt to create a visualized graph based on the importance. The overall flow is described below and the details of each step are described in the following sections.
1. Extract the object papers from the publication database (DB) using a keyword (query).
2. Analyze the variance values of the publication years of cited literature to give weight to each paper.
3. Apply the weight in step 2 above to the PageRank algorithm and calculate the importance of each cited paper.
4. Prepare a visualized graph based on importance.
Publication Databases and Search Query
In this study, Web of Science was used as the publication database. Papers were then extracted by setting "Geosciences" as the query and "1960 to 2012" as the publication years, according to the evaluation test to be described later. As a result, About 30,000 papers were extracted.
Publication Year Analysis of the Variance Values and Weight of Each Cited Paper
Weight was given to each paper according to the steps below.
1) Extract the maximum value of the histogram
Extract the year with the largest number of citations using the following function and store it as MaxYear (MY).
MY :=max{y(x) | y(x):=number of citations in year y}
2) Specify the citation period
Investigate years one at a time in descending order and define the year when the number of citations exceeding 10% of MY appeared for the first time as the starting year of the citations and store it as StartYear (SY). Then, store the first year when the number of citations was less than 10% of MY for the first time as LastYear (LY). Finally, obtain the period (P) from the start year to the last year using the following equation (2):
As shown in Fig6, We will be conceivable that another trend (second trend, 2007-2010) to cite this paper was come after the first trend (1999-2005) was finished. When two or more mountains of histograms exist, repeat this operation and store the result of each operation to Period (P) 0, 1 to n. Investigate the variance values of period in which the pertinent paper was cited by investigating the variance values (standard deviation) of the publication years of the cited papers. In this case, we method for obtaining the standard deviation is expressed as follows (3). Concretely, we assume the P 1 , P 2 P n-1 , P n as a period sample. Then, we regard a is the arithmetic average of these. Then we will calculate variance values (3) as an arithmetic mean of .
When we assume that V i is the paper, and V j is the paper that cite of V i , and V k is the paper that cite of V j ., relations between V i and V j and V k and S i {(3) above} are shown in follows.
"<----" and "---->" is show the direction of the edge. And formula (4) shows the variance values are attached as an attribute of the edge.
Dynamic Extraction of Key Paper from the Cluster Using Variance Values of Cited Literature
Page Rank Algorithm [15] determines the most important page. The Google web search engine uses this algorism. Page Rank calculates the hyperlink structures in the presence of mutual referencing relations. Page Rank integrates the impact of both inlink and outlink into one set of scores. The formula of PageRank is shown in follows.
Where d is a parameter that is set between 0 and 1. The Page Rank algorism equalizes to the total points of inlink and outlinks of each page. This total points is becomes the point of that page. It is conceivable that the page is more important in proportion to the height of the total points. We will propose the new formula (PR S ) by application of the above equation {above of (1)-(4)} to the PageRank. (6) This formula incorporate into the strength of the connection between V i and V j as a weight S i and S k added to the corresponding edge that connects the two vertices. The past Page Rank algorithms equalize to the total points of inlink and outlink of each paper. Namely, the sum of the scores of the citations that inlink from each paper are equal to each other. Then, it is conceivable that the page is more important in proportion to the height of sum of the scores. But formula (6) is possible to identify the key papers in each area by applying the variance value (S i ) to calculation of the score of citations that incoming from each paper. Although scores have been assigned equally in the conventional algorithm when there are multiple citations that incoming the importance reflecting the state of variance values in the citation year are calculated in this study with the consideration that more citations will incoming to papers with higher variance values.
HAL (Highangle on Academic Landscape)
HAL (Highangle on Academic Landscape) is visualized based on the importance {formula (6)} in the previous section as shown in Fig7. For each node, the paper name is displayed and papers with higher importance assigned in the previous section are expressed by larger node sizes. Incidentally, this tool is called HAL (Highangle on Academic Landscape). 
EVALUATION EXPERIMENT
Overview of Evaluation Experiment
This Evaluation experiment compares to this algorism (HAL) and Page Rank algorism. We show at the Table1 about details of evaluation experiment. We used the "Web of Science" as a publication database. Then we got the papers from publication database with query. Query is the "Geosciences, Multidisciplinary". It is the research area of Web of Science. We did exclude the papers that do not have a paper keywords from papers extracted. Then we were build the clustering based on the Newman method (Section2.2). The result of the clustering is 
Result of Evaluation Experiment
We show the score of the result of a calculation of page rank algorithm and this study (HAL) at the Fig.6 . In addition Fig.6 shows the numbers of variance values and citations of 5 papers. In this case of high variance value (Ex: "BERGER, A1991" is 29 and "JOHNSON, JW1992" is 31), the HAL's scores were larger than PageRank algorithm scores. Furthermore, although "JOHNSON, JW1992" and "Arnold, JG1998" are almost the same number of citations, the HAL's scores were different by variance values. The reason for this is the PageRank algorithm is to calculate the score from only the number of citations. Therefore the PageRank algorithm was difficult to calculate importance at following cases. Have the same number of citations, and if they are quoted at one time a large amount or has been cited to a long time little by little. But HAL is able to calculate importance these cases by considering the variance. Then, we have confirmed at another query (Geochemistry&Geophysics;Mineralogy) that this results of the evaluation experiment is not depends on the query (research area) of "Geosciences, Multidisciplinary". We selected the number of citations the top five papers (Table3) as target papers of evaluation experiment same as the evaluation experiment of "Geochemistry&Geophysics;Mineralogy". 15 clusters had been creation as shown in Fig.7 . We were used numbers of citations the top five papers in the 15 clusters as a target paper of evaluation experiment. Then the result of evaluation experiment shown in Fig8. The case of high variance value ("ROEDER, PL1970" and "PEARCE, JA1979"), the HAL's scores were larger than PageRank algorithm scores. Furthermore, although "PEARCE, JA1979" and "ELLIS, DJ1979" are almost the same number of citations, the HAL's scores were different by variance values. We could confirm by this evaluation experiment that HAL was able to calculate importance these cases by considering the variance without being affected by the only number of citations. ---variance weighted pagerank --- 
CONCLUSION
In this paper, we attempted to dynamically extract key papers in each area identified by clustering during analysis of citation networks of academic papers. We analyzed the variance of the publication years of the cited literature, and by applying the result to the PageRank algorithm, calculated the strictness of each paper. The PageRank algorithm was difficult to calculate importance at following cases. Have the same number of citations, and if they are quoted at one time a large amount or has been cited to a long time little by little. But this study (HAL) was able to calculate importance these cases by considering the variance. It was confirmed by this evaluation experiment.
